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@> Cathode ray tube display apparatus with improved intensity control. 



© A cathode ray tube display in which the conven- 
tional brightness and contrast controls are replaced 
by two luminance controls (VR1 and VR2) controlling 
the luminance of the foreground (brightest level and 
the background (so-called black level). The back- 
aground luminance control (VR1) is used to control 
the level of a variable amplitude raster signal from a 
O raster signal generator (12) whilst the overall gain of 
^the video input signal is controlled by a composite 
gain control signal (3) derived from the foreground 
control (VR2) and the background control (VR1) such 
jyjthat variation of the foreground luminance level does 
not affect the level of the background luminance 
^ level and vice versa. As the background luminance 
OL'S increased, the overall gain is decreased to main- 
UJtain the foreground luminance at the set level. 
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CATHODE RAY TUBE DISPLAY APPARATUS WITH IMPROVED INTENSITY CONTROL 



The present invention relates to a cathode ray 
tube display apparatus having an improved bright- 
ness control. 

Conventional cathode ray tube displays includ- 
ing those used for data/graphics display monitors 
as well as for television have two controls which 
allow the user to adjust the black level and maxi- 
mum brightness. These are the contrast control 
which normally takes the form of a gain control in 
the video amplifier of the CRT and a separate 
brightness control which is usually achieved by 
varying the G1 grid voltage of the CRT. 

The use of such brightness and contrast con- 
trols for data/graphics display monitors gives rise 
to numerous disadvantages:- 

1) Increasing the brightness control affects 
both the maximum (foreground) brightness setting 
as well as the black level (background) level: this 
means that the adjustment of the brightness and 
contrast controls is interactive. 

2) Varying the grid G1 voltage causes a 
colour tracking error in colour CRTs as the cut off 
varies between the guns. 

3) National/International standards require- 
ments are difficult to meet because of their require- 
ments for contrast ratios at maximum control set- 
tings. 

4) Very high peak power is drawn at maxi- 
mum settings, unduly stressing the CRT, power 
supply, etc. 

DE-C-3235853 describes a CRT arrangement 
in which a brightness control is set by a digital-to- 
analogue converter from a digital output signal of a 
conlroling computer. A separate digital-to-analogue 
converter handles the contrast control. The ar- 
rangement is essentially an implimentation of the 
conventional approach using logic control rather 
than the traditional variable resistors. Although DE- 
C-3235853 refers to independent controls, this re- 
fers to the independent control of the functions of 
contrast and brightness. In DE-C-3235853, the fore- 
ground luminance would be affected by variations 
of the background luminance (due to the use of the 
61 grid) and variation of the background luminance 
will affect the colour point of the white and secon- 
dary colours where the CRT is a colour CRT. 

An alternative way of providing the brightness 
control is to add a background raster signal to the 
video at the input to provide an offset to the black 
level. This has the disadvantage that an extra 20 
volts of signal "headroom" is required in the video 
amplifier increasing the power dissipation and limit- 
ing the choice of high speed output transistors. 

An object of the present invention is to mitigate 
these problems by providing a CRT which has two 



independently operable luminance controls, one 
connected to vary the foreground luminance and 
the other background luminance in an non-inter- 
active manner. 
5 According to the invention, a cathode ray tube 

display apparatus comprises a video amplifier for 
amplifying input video signals, a first (background) 
luminous intensity control for varying the luminous 
intensity of the black level of the CRT display and 

70 a second (foreground) luminous intensity control for 
varying the luminous intensity of the maximum 
brightness of the CRT display, characterised in that 
said first and second controls are connected to the 
video amplifier in such a manner that they operate 

75 independently of one another whereby variation of 
the maximum brightness does not vary the black 
level and variation of the black level does not vary 
the maximum brightness. 

In the prefered embodiment, the background 

20 luminance control is by means of a raster signal 
whose amplitude is controlled by a DC voltage 
which can be set by the user: the signal is added 
into the video amplifier prior to an individual gain 
adjustment preset stage but after the overall gain 

25 adjustment stage. The overall gain of the video 
amplifier is varied by a composite DC voltage 
derived from the user's foreground luminance con- 
troPs: DC voltage summed with a fraction of the 
background luminance DC control signal. The fore- 

30 ground luminance control operates in much the 
same way as the conventional contrast control ex- 
cept that as the background luminance is in- 
creased, the composite DC gain control signal de- 
creases the overall gain, effectively maintaining a 

35 set foreground luminance level irrespective of the 
setting of the background luminance control. 

The invention will now be particularly de- 
scribed, by way of example, with reference to the 
accompanying drawings, in which:- 

40 Figure 1 is a functional block diagram show- 

ing the overall CRT control system, 

Figure 2 shows the effect of varying the 
background and foreground luminance controls, 
and 

45 Figure 3 is a circuit diagram showing the 

video amplifier with the two independent controls 
for foreground and background luminance. 

Referring now to Figure 1, variable resistor 
VR1 is used to vary the foreground luminance by 

so summing the DC voltage on line 1 with a fraction of 
the background luminance control voltage on line 2 
produced by means of variable resistor VR2. The 
composite signal appearing on the output 3 of 
summing circuit 4 is used to control the gain of 
amplifier stage 5, the input 6 of which receives the 
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video input signal on line 7 via preamplifier 8. The 
output 9 of the amplifier stage 5 is applied as one 
input of summing circuit 10, the other input of 
which is received from the output 11 of raster 
signal generator 12 which produces a square ware 
signal. The amplitude of the square ware output 
signal of the generator 12 is dependent upon a DC 
voltage derived from the background luminance 
control VR2 on line 13 . The inputs 14 of the raster 
signal generator 12 receive line and frame blanking 
signals. The output on line 11 (which is dependent 
on the background luminance setting) is added to 
the signal on line 9 (which is dependent on both 
the foreground and background luminance settings) 
in summing circuit 10 prior to the video amplifiers 
individual gain adjustment preset stage represented 
by variable resistor VR3. The output of the sum- 
ming amplifier 10 is fed to the power amplifier 
stage (not shown) of the video amplifier. For a 
monochrome CRT display, only one channel is 
needed. However, for a colour CRT display, three 
colour channels are needed to provide red, green 
and blue output signals which, after amplification in 
the power amplifier stage are applied to the appro- 
priate cathodes of the CRT. Each colour channel 
will consist of stages 8, 5, 10 and VR3. The raster 
signal generator 12 and summing amplifier are 
common to all channels. In this way, the back- 
ground raster signal is modified in amplitude by the 
individual colour balance controls giving good col- 
our tracking. 

As indicated above, the overall gain produced 
by amplifier stage 5 (and which in conventional 
arrangements is used for contract control) is under 
control of the composite gain control signal in line 
3. In contrast to conventional arrangements how- 
ever, as the background luminance increases, the 
overall gain is decreased to maintain a set fore- 
ground luminance level irrespective of the setting 
of the background luminance setting. 

The effect of the arrangement is shown in 
Figure 2 in which Figure 2(a) represents the fore- 
ground and background luminance levels LF1 and 
LB1 respectively. In Figure 2(b) the background 
level has been increased to LB2 by varying vari- 
able resistor VR2 but the foreground level remains 
constant at LF1 due to an equal number of smaller 
incremental steps. Figures 2(c) and 2(a) show the 
effect of increasing the foreground luminance LF1 
to LF2 using the variable resistor VR1 whilst the 
background luminance levels (LB1 and LB2 re- 
spectively) remain constant. 

It will be evident from Figure 2 that the user 
can independently adjust the foreground and back- 
ground luminance intensities to adjust the contrast 
without the adjustment of one luminance level af- 
fecting the other luminance level. 

Figure 3 is a circuit diagram of an implementa- 



tion of the functional arrangement shown in Figure 
1. The same reference numerals are used for the 
same parts. Transistor Q1 and resistor R6 
(connected in emmiter follower relationship) con- 
5 vert the input voltage signal on input 7 to a current 
sorce which is split by transistors Q2 and Q3 
connected as a long tailed pair, dependant upon 
the differential base voltage controlled by both VR1 
and VR2. 

/o The output of transistor Q3 is fed into a current 

mirror formed by diode D3 and transistor Q6 
whose gain is controlled by the overall gain preset 
variable resistor VR3. Added into the current sorce 
output of transistor Q3 is the raster signal gen- 

75 erated by transistor Q4 and Q5 and which is varied 
directly by the background variable resistor VR2. 

Diodes D1 and D2, resistors R1, R2, R3 and 
R4 form a diode, resistor network which constitutes 
the summing amplifier 4, Figure 1. Transistors Q6 

20 and Q7 and resistor R7 are connected to form a 
cascode amplifier 15 which constitutes the output 
driver of the amplifier. For simplicity, only one 
channel is shown. 

Thus, the functions outlined in the block dia- 

25 gram of Figure 1 are achieved with no additional 
circuitry cost than is typical for conventional meth- 
ods of contrast and brightness control. There is 
increased user controllability since the foreground 
and background luminance controls are non-inter- 

30 active and due to their functions being clearly 
defined in terms of their effect on the luminance of 
the displayed image or picture. 

Although the user controls have been shown as 
variable resistors, the invention is also clearly ap- 

35 plicable to arrangements in which controls are de- 
rived from digital/logical circuits. 



Claims 

40 

1. A cathode ray tube display apparatus com- 
prising a video amplifier for amplifying input video 
signals, a first (background) luminous intensity con- 
trol for varying the luminous intensity of the black 

45 level of the CRT display and a second (foreground) 
luminous intensity control for varying the luminous 
intensity of the maximum brightness of the CRT 
display, characterised in that said first and second 
controls are connected to the video amplifier in 

so such a manner that they operate independently of 
one another whereby variation of the maximum 
brightness does not vary the black level and vari- 
ation of the black level does not vary the maximum 
brightness. 

55 2. Display apparatus as claimed in claim 1, in 

which the first control is connected to control the 
amplitude of a raster signal which is input into the 
video amplifier after an overall gain adjustment 
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stage of the amplifier, in which the gain of said 
overall gain adjustment stage is controlled by a 
composite gain control signal derived from the out- 
put of the second control and a fraction of the 
output of the first control, the composite gain con- 5 
trol signal decreasing as the first control signal 
increases. 

3. Display apparatus as claimed in claim 2, in 
which the output of the second control and a frac- 
tion of the output of the first control are summed io 
together in a summing amplifier to provide said 
composite gain control signal. 

4. Display Apparatus as claimed in claim 2 or 
claim 3, in which the raster signal is input into a 
gain adjustment preset stage of the video amplifier 15 
after the overall gain adjustment stage. 

5. Display apparatus as claimed in claim 4, in 
which the output of the overall gain adjustment 
stage and the raster signal are applied to a second 
summing amplifier whose output is connected to zo 
the cathode of the cathode ray tube. 

6. Display apparatus as claimed in any preced- 
ing claim in which the CRT is a colour CRT and in 
which the video amplifier has three channels, one 

for each of the primary colours, the first and sec- 25 
ond luminance controls being connected to provide 
common control signals lor each channel. 
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